Abdominal Muscle and Change in CAC
CAC was attenuated to marginal significance. However, in the MultiEthnic Study of Atherosclerosis, 18 total abdominal muscle area was not significantly associated with TAC, CAC or aortic artery calcium (AAC).
Thus, to further assess the potential relationship between lean muscle and CVD, we examined the association of abdominal muscle area with CAC presence, extent and progresstudy the associations of abdominal muscle with CAC in post-menopausal women of different ethnicities.
Methods

Study Participants
The Rancho Bernardo Study (RBS) is a prospective cohort study of community-dwelling middle-to-upper class adults of predominantly northern European (Caucasian) ancestry established between 1972 and 1974, when 82% of the adult residents of a San Diego, California suburb first participated in a survey of heart disease risk factors. Further details of recruitment and inclusion/exclusion criteria for the original cohort can be found elsewhere. 19, 20 Since then, the participants of this study have been followed periodically, with the eighth examination (the baseline for this study) taking place between [2001] [2002] . At this visit, participants aged ≥ 55 years who had no known CVD had electron beam computed tomography (CT) scans of the chest and abdomen performed so that the extent of CAC could be determined and abdominal body composition could be measured.
Additionally, a group of Filipina women from the University of California -San Diego (UCSD) Filipino Women's Health Study and African American women from the Health Assessment Study of African American Women (HASAAW) cohorts were recruited in 1994-1999 as ethnic comparison groups to the Rancho Bernardo study using the same research protocol, staff, and diagnostic laboratories. The samples included communitydwelling women aged 40-84 years who self-identified as Filipina and women aged 50-87 years who self-identified as African American. More detailed inclusion and exclusion criteria for the Filipina and African American women have also been described elsewhere. 21, 22 Filipina and African American women aged ≥55 years and free of known CVD in 2001-2002 were also invited to have CT scans performed. Using these scans and appropriate software for making the measurements, data on abdominal muscle and CAC were available on a total of 439 RBS, UCSD Filipino Women's Health Study and HASAAW participants: 179 post-menopausal White women, 116 post-menopausal Filipina women, and 144 post-menopausal African American women.
Participants were mailed invitation letters to have a CT scan at the followup tenth examination (2005) (2006) ), regardless of current CVD status. At this follow-up exam, CT scans were repeated on non-Hispanic White, Filipina and African American participants who returned. From these scans, we generated data on change in CAC, which was available on 330 of the 439 women participants from the 8th examination (baseline for this study): 150 White women, 91 Filipina women, and 89 African American women.
The RBS, as well as the UCSD Filipino Women's Health and HASAAW studies, were approved by the Institutional Review Board of the University of California, San Diego; all participants gave written informed consent at both examinations. 
Measurement of Covariates
Measurement of Coronary Artery Calcium
An Imatron C-150 ultrafast computed tomography scanner (Imatron, San Francisco, Calif.) that produced contiguous thin-section sections was used to obtain the images of the chest and abdomen. Cardiac scans were electrocardiographically triggered to the R-R interval, and images were obtained at end-diastole usually during a single breath-hold. CAC was scored according to the Agatston method 23 by specially trained technicians. Further details on CAC measurement in this cohort have been published. 24 
Measurement of Abdominal Muscle and Fat
Abdominal tissue areas were measured from the baseline CT scans by three experienced analysts working on networked workstations running muscled segmentation software on the MIPAV platform (MIPAV Version 4.1.2, NIH). A transverse cross section slice of 6 mm thickness was selected at the umbilicus (~L4 -L5 disc spaces) for analysis of abdominal fat, including subcutaneous, visceral and intermuscular fat. Muscle segmentation was also performed on 4 separate muscle groups: psoas, paraspinal, oblique, and rectus abdominus. Fat area was obtained using the voxel count that fell within the threshold of -190 to -30 Hounsfield Units (HU). Lean area was obtained using the voxel count that fell within the threshold of 0 to 100 HU. The left and right side muscle groups were averaged together to obtain the psoas, paraspinal, rectus abdominus, and oblique muscle areas. Total abdominal muscle was defined by summing over the left and right for each muscle group. Further details on abdominal muscle and fat measurements have been published elsewhere. 25 
Statistical Analysis
Univariate associations of ethnicity with CVD risk factors were examined using ANOVA, chi-square or Kruskal-Wallis tests as appropriate. In particular, as triglycerides and CAC amount were skewed, Kruskal-Wallis tests were used. Total abdominal, psoas, paraspinal, oblique and rectus abdominus muscle areas were modeled as per standard deviation increment in all models. Staged multivariate logistic regression models were used to examine the association of each of the four muscle groups with CAC presence and progression in separate models. To estimate the association of muscle and CAC for each ethnic group, global models included a separate term for the muscle-CAC association for each ethnic group, ie, models were not stratified by ethnicity. CAC presence was defined as Agatston score at the baseline visit >0. CAC progression was defined using the Hokanson method, 26 and participants were defined as having binary CAC progression if the square root of (follow-up CAC volume -baseline CAC volume) ≥2.5 cm 3 . Staged multivariate linear regression models were used to determine the association of muscle groups with CAC extent (or amount) and CAC change as continuous outcomes. CAC extent was defined as ln(Agatston score at baseline exam + 1), and CAC change was defined as ln((follow-up exam Agatston score -baseline exam Agatston score)/baseline exam Agatston score). Since these outcomes were natural log transformed, we used the transformation (e β -1)*100 to convert the beta coefficients and confidence limits into percents.
Abdominal Muscle and Change in CAC -Wassel et al
Interactions between ethnicity and muscle groups for CAC presence, extent and progression were tested on an additive scale in linear regression models for CAC extent and 4-year change in CAC, and on a multiplicative scale in logistic regression models for CAC presence and progression as binary outcomes.
P<.05 were considered statistically significant and SAS V 9.2 (Cary, N.C.) was used for all analyses.
results
Characteristics and Ethnic Differences in Abdominal Muscle
Baseline characteristics and risk factors differed significantly across ethnicity for all factors (Table 1) . CAC presence and CAC extent were highest in Filipina women, followed by White women, and then African American women, although these unadjusted differences were not statistically significant (P=.08 and .09, respectively) ( 
Associations of Abdominal Muscle with CAC Presence, Extent, and Progression
There were no significant associations of total, psoas, paraspinal, rectus abdominus and oblique muscle areas with CAC presence or CAC extent, and there were no ethnicity by muscle interactions. Areas of the muscle groups were not associated with CAC progression (yes vs no), nor were there any interactions by ethnicity. Detailed data tables on these factors and interactions are available from the lead author. 
Abdominal Muscle and Change in CAC -Wassel et al
There was evidence for ethnicity by muscle group interactions for four-year change in CAC modeled as a continuous variable (Table 2) . Specifically, the association of oblique muscle area with change in CAC differed significantly by ethnicity group (P=.01). Additionally, there were marginally significant interactions for total and paraspinal muscle areas with ethnicity for change in CAC (both P=.09). Direction of the associations was consistent for both the significant and marginally significant interactions. These associations were not significant in White women or African American women, but were strongly significant in Filipina women ( Table  2) . Among Filipina women, each standard deviation (SD) greater total abdominal muscle was associated 
with a 26% reduced rate of four-year change in CAC (P=.02), independent of CVD risk factors. Each SD greater paraspinal muscle was associated with a 24% reduced rate of change in CAC, and oblique muscle was associated with a 37% reduced rate of four-year change in CAC, independent of CVD risk factors. Although there was not a significant interaction of ethnicity and rectus abdominus muscle (P=.57), greater rectus abdominus muscle area was marginally associated with greater rate of change in CAC in Filipina women (P=.08).
Further adjustment for lipidlowering medications, intermuscular fat, or visceral fat did not materially change results of associations of baseline muscle groups with four-year change in CAC.
dIscussIon
In a multi-ethnic sample of postmenopausal women from the Rancho Bernardo Study, UCSD Filipino Women's Health Study, and Health Assessment Study of African American Women (HASAAW), we found that the association of baseline abdominal muscle area with continuous four year change in CAC differed significantly by ethnicity, with muscle appearing to play a more significant role for Filipinas in CAC progression. There was also a marginally significant association of change in psoas muscle with change in CAC in Filipina women, although the interactions of muscle with ethnicity were not statistically significant in these cases. The associations of greater total abdominal, paraspinal, and oblique muscle area at baseline with a reduced rate of change in CAC among Filipinas may indicate that maintaining muscle is important for this group, and may be protective in progression of subclinical CVD and development of clinical CVD. Why these associations appeared to be more important among Filipinas as compared with the women of other ethnic groups is unclear and warrants further investigation. Visceral fat accumulation with CAC presence, amount and progression in a multi-ethnic cohort of post-menopausal women.
The directionality of associations among Filipinas was not consistent in some cases, ie, greater baseline rectus abdominus muscle was marginally associated with greater, not reduced, change in CAC. However, given that this association was marginal, and that the interactions by ethnicity were not statistically significant, these particular results should be interpreted with caution. One potential explanation for these counter-intuitive findings could be that CAC progression could indicate an increase in density of the calcified plaques (meaning less lipid in the plaque) and thus increased plaque stabilization, [28] [29] [30] [31] leading to lower risk for a CVD event. Adjustment for lipid lowering medications, which are associated with progression of CAC, 32, 33 did not materially change the results in our study.
Despite adjustment for potential confounders and mediators, several muscle groups remained significantly associated with four year change in CAC among Filipinas, and interactions of ethnicity with muscle remained significant or marginally significant for change in CAC. Jensky et al 17 differs among ethnic groups, with Filipinos having a large accumulation relative to body size. 27 Visceral fat is also strongly associated with diabetes among Filipinos. 27 Thus, it could be that there are differences in muscle area that confer greater or less risk for other chronic diseases as well. To our knowledge, this is the first study to examine the associations of abdominal muscle area, and change in abdominal muscle area -Wassel et al from the Multi-Ethnic study of Atherosclerosis, abdominal muscle area was not significantly associated with CAC, AAC, or TAC. 18 In the current study, we did not find an association of abdominal muscle with CAC presence; measurements of TAC were not available. To our knowledge, these are the only studies in the literature examining these associations in similar study populations with similar methodology for muscle measurement.
Abdominal Muscle and Change in CAC
Our study has several strengths as well as some limitations. Our study assesses an ethnically diverse population, and to our knowledge, is the first to examine the association of total abdominal muscle and separate muscle groups with CAC presence, extent and progression. It is also the first study to quantify and describe differences in abdominal muscle among different ethnic groups of post-menopausal women. This study has high-quality CT images, and has quantified not only total abdominal muscle and fat depots, but each of the four abdominal muscle groups. Additionally, since each of our ethnic groups had CT scans performed at the same location with the same CT scanners, and the CT scans were read by the same readers, we have consistent within-study results with which to make ethnic group comparisons. However, the sample size in each ethnic group is relatively small, so power is an issue for binary outcomes such as CAC presence, as well as possibly for the interactions. Some counter-intuitive results among Filipinas (ie, greater change in psoas muscle associated with greater progression of CAC) should be interpreted with caution, as Ps are not strictly statistically significant, and the ethnicity by muscle group interactions are not statistically significant in these cases. Our study consists of participants without clinically overt CVD at baseline, which is excellent for studying how muscle is associated with early, subclinical stages of CVD. However, the results may not be generalizable to a population with known CVD. Finally, residual confounding or unknown confounders could play a significant role, as in any observational study.
Given that loss in muscle mass and strength is associated with aging 1,2 and mortality, [6] [7] [8] and this can be modified and improved through resistance training, 14 the implications of the results from this study could be broad-reaching. Our study has shown that muscle area is independently associated, when accounting for CVD risk factors and even abdominal adiposity, with change in CAC over time among post-menopausal Filipina women, suggesting that increasing muscle mass could play a role in preventing subclinical and clinical CVD in this ethnic group. This may be especially true after the transition to menopause, when women often have accompanying changes in body composition, and are at increased risk for CVD. However, further larger studies are warranted to replicate and extend the current results, and to further ascertain whether increasing muscle mass could prevent or delay CVD.
